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POWER SEMICONDUCTOR MODULE AND
POWER CONVERSION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based on PCT filing PCT/
JP2018/044829, filed Dec. 6, 2018, which claims priority to

JP 2018-111698, filed Jun. 12, 2018, the entire contents of
cach are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a power semiconductor
module and a power conversion apparatus.

BACKGROUND ART

WO 2014/128899 (PTL 1) discloses semiconductor
equipment 1including a plurality of semiconductor devices, a
substrate having the plurality of semiconductor devices
mounted thereon, and resin sealing the substrate and the
plurality of semiconductor devices. The semiconductor
devices and the substrate are partially covered with a glass
film that contains vanadium and tellurium. The glass film
prevents or reduces moisture from penetrating to the semi-
conductor devices and other components.

CITATION LIST

Patent Literature

PTL 1: WO 2014/128899

SUMMARY OF INVENTION

Technical Problem

However, while 1n operation or under an ambient tem-
perature change, the semiconductor equipment disclosed in
PTL 1 warps. This causes stress on the glass film, causing
cracks 1n the glass film. The cracks 1n the glass film let
moisture and gas through, decreasing the reliability of the
semiconductor equipment. The present invention has been
made 1n view of the above problem. An object of the present
invention 1s to provide a power semiconductor module and
a power conversion apparatus having improved reliability.

Solution to Problem

A power semiconductor module of the present invention
includes an isulating substrate, a first conductive circuit
pattern, a second conductive circuit pattern, a first semicon-
ductor device, a second semiconductor device, a sealing
member, and a first barrier layer. The insulating substrate
includes a first main face. The first conductive circuit pattern
1s provided on the first main face. The second conductive
circuit pattern 1s provided on the first main face. The second
conductive circuit pattern i1s separated from the first con-
ductive circuit pattern by a first gap. The first semiconductor
device 1s joined to the first conductive circuit pattern. The
second semiconductor device 1s joined to the second con-
ductive circuit pattern. The sealing member seals the first
semiconductor device, the second semiconductor device, the
first conductive circuit pattern, and the second conductive
circuit pattern. The first barrier layer 1s disposed on the
opposite side from the msulating substrate with respect to
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the first semiconductor device and the second semiconductor
device. The first barrier layer 1s provided on or 1n the sealing
member. At least one of the first barrier layer and the sealing
member 1ncludes a first stress relaxation portion.

A power conversion apparatus of the present invention
includes a main conversion circuit and a control circuit. The
main conversion circuit mcludes a power semiconductor
module of the present invention and 1s configured to convert
iput power and output the converted power. The control
circuit 1s configured to output a control signal to the main

conversion circuit for controlling the main conversion cir-
cuit.

Advantageous Effects of Invention

In the power semiconductor module and the power con-
version apparatus of the present invention, the first barrier
layer prevents or reduces moisture and gas from penetrating
to the first semiconductor device, the second semiconductor
device, the first conductive circuit pattern, the second con-
ductive circuit pattern, and the isulating substrate. The first
stress relaxation portion reduces stress on the first barrier
layer caused by the warp of the power semiconductor
module, and prevents the first barrier layer from cracking.
The power semiconductor module of the present invention
has 1improved reliability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic plan view of a power semiconductor
module according to embodiment 1.

FIG. 2 1s an enlarged schematic partial cross-sectional
view ol the power semiconductor module according to
embodiment 1, taken along section line II-II 1n FIG. 1.

FIG. 3 1s a schematic cross-sectional view of a power
semiconductor module according to a first vanation of
embodiment 1.

FIG. 4 1s a schematic cross-sectional view of a power
semiconductor module according to a second variation of
embodiment 1.

FIG. 5 1s a schematic cross-sectional view of a power
semiconductor module according to a third vanation of
embodiment 1.

FIG. 6 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 2.

FIG. 7 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 3.

FIG. 8 1s a schematic cross-sectional view of a power
semiconductor module according to a varnation of embodi-
ment 3.

FIG. 9 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 4.

FIG. 10 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 5.

FIG. 11 1s a schematic cross-sectional view of a power
semiconductor module according to a variation of embodi-
ment 5.

FIG. 12 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 6.

FIG. 13 1s a schematic plan view of a power semicon-
ductor module according to embodiment 7.

FIG. 14 1s a schematic cross-sectional view of the power
semiconductor module according to embodiment 7, taken
along section line XIV-XIV 1n FIG. 13.

FIG. 15 1s a schematic cross-sectional view of a power
semiconductor module according to a first vanation of
embodiment 7.
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FIG. 16 1s a schematic cross-sectional view of a power
semiconductor module according to a second vanation of
embodiment 7.

FIG. 17 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 8.

FIG. 18 1s a schematic cross-sectional view of a power
semiconductor module according to embodiment 9.

FIG. 19 1s a block diagram showing a configuration of a
power conversion system according to embodiment 10.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will now be
described. Like parts are designated by like reference signs,
and the description of such parts 1s not repeated.

Embodiment 1

With reference to FIGS. 1 and 2, a power semiconductor
module 1 in embodiment 1 will now be described. Power
semiconductor module 1 mainly includes an insulating sub-
strate 11, a first conductive circuit pattern 13, a second
conductive circuit pattern 14, a first semiconductor device
20, a second semiconductor device 21, a sealing member 40,
and a first barrier layer 50. Power semiconductor module 1
may further include a case 30. Power semiconductor module
1 may turther include a third conductive circuit pattern 135,
a fourth conductive circuit pattern 145, a third semiconduc-
tor device 205, and a fourth semiconductor device 2154.

Insulating substrate 11 extends 1n a first direction (x-di-
rection) and 1n a second direction (y-direction) perpendicu-
lar to the first direction. Insulating substrate 11 includes a
first main face 11m and a second main face 11z opposite to
first main face 11m. Insulating substrate 11 may include a
first mnsulating substrate segment 11aq and a second insulat-
ing substrate segment 115. Second insulating substrate seg-
ment 115 1s separated from {irst insulating substrate segment
11a by a second gap 12 in the first direction (x-direction).
Second gap 12 may be located 1in the central portion of
power semiconductor module 1 1n the first direction (x-di-
rection). As used herein, the central portion of the power
semiconductor module in the first direction (x-direction)
refers to the middle portion of the three portions when the
power semiconductor module 1s trisected along the first
direction (x-direction).

Insulating substrate 11 may further include a third 1nsu-
lating substrate segment 11¢ and a fourth 1nsulating substrate
segment 11d. Third insulating substrate segment 1lc 1s
separated from first insulating substrate segment 11a by a
gap 1n the second direction (y-direction). The gap between
first 1nsulating substrate segment 11a¢ and third insulating
substrate segment 11¢ may be located 1n the central portion
of power semiconductor module 1 1n the second direction
(y-direction). As used herein, the central portion of the
power semiconductor module in the second direction (y-di-
rection) refers to the middle portion of the three portions
when the power semiconductor module 1s trisected along the
second direction (y-direction).

Fourth insulating substrate segment 114 1s separated from
second insulating substrate segment 115 by a gap 1n the
second direction (y-direction). The gap between second
insulating substrate segment 115 and fourth isulating sub-
strate segment 114 may be located 1n the central portion of
power semiconductor module 1 1n the second direction
(y-direction). Fourth insulating substrate segment 11d 1s
separated from third insulating substrate segment 11¢ by a
gap 1n the first direction (x-direction). The gap between third
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insulating substrate segment 11¢ and fourth insulating sub-
strate segment 114 may be located 1n the central portion of
power semiconductor module 1 1n the first direction (x-di-
rection).

Insulating substrate 11 may be composed of, but i1s not
limited to, an mnorganic ceramic material, such as alumina
(Al,O,), aluminum nitride (AIN), silicon nitride (S1,N,),
silicon dioxide (S10,), or boron nitride (BN). Insulating
substrate 11 may be composed of a resin material with at
least one of fine grain and filler dispersed. The at least one
of fine grain and filler may be composed of an i1norganic
ceramic material, such as alumina (Al,O;), aluminum
nitride (AIN), silicon nitride (S13N,), silicon dioxide (S10,),
boron nitride (BN), diamond (C), silicon carbide (S1C), or
boron oxide (B,O;); or may be composed of a resin materal,
such as silicone resin or acrylic resin. The resin with at least
one of fine grain and filler dispersed has electrical insulation
properties. The resin with at least one of fine grain and filler
dispersed may be composed of, but 1s not limited to, epoxy
resin, polyimide resin, silicone resin, or acrylic resin.

First conductive circuit pattern 13 1s provided on first
main face 11m. In particular, first conductive circuit pattern
13 may be provided on first msulating substrate segment
11a. Second conductive circuit pattern 14 1s provided on first
main face 11m. Second conductive circuit pattern 14 1s
separated from first conductive circuit pattern 13 by a first
gap 17 1n the first direction (x-direction). First gap 17 may
be located in the central portion of power semiconductor
module 1 1n the first direction (x-direction). In particular,
second conductive circuit pattern 14 may be provided on
second insulating substrate segment 115. Each of first con-
ductive circuit pattern 13 and second conductive circuit
pattern 14 may be composed of, but 1s not limited to, a metal
material, such as copper or aluminum.

Third conductive circuit pattern 135 1s provided on first
main face 11m. In particular, third conductive circuit pattern
135 may be provided on third insulating substrate segment
11c. Third conductive circuit pattern 135 1s separated from
first conductive circuit pattern 13 by a gap 1n the second
direction (y-direction). The gap between first conductive
circuit pattern 13 and third conductive circuit pattern 135
may be located in the central portion of power semiconduc-
tor module 1 1n the second direction (y-direction).

Fourth conductive circuit pattern 145 1s provided on first
main face 11m. In particular, fourth conductive circuit
pattern 146 may be provided on fourth msulating substrate
segment 11d. Fourth conductive circuit pattern 145 1s sepa-
rated from second conductive circuit pattern 14 by a gap in
the second direction (y-direction). The gap between second
conductive circuit pattern 14 and fourth conductive circuit
pattern 145 may be located in the central portion of power
semiconductor module 1 1n the second direction (y-direc-
tion). Fourth conductive circuit pattern 146 1s separated
from third conductive circuit pattern 135 by a gap in the first
direction (x-direction). The gap between third conductive
circuit pattern 135 and fourth conductive circuit pattern 145
may be located in the central portion of power semiconduc-
tor module 1 1n the first direction (x-direction). Each of third
conductive circuit pattern 135 and fourth conductive circuit
pattern 146 may be composed of, but 1s not limited to, a
metal material, such as copper or aluminum.

A first conductive member 15 1s provided on second main
face 11x. In particular, first conductive member 15 may be
provided on first insulating substrate segment 11a. A second
conductive member 16 1s provided on second main face 11z.
Second conductive member 16 1s separated from first con-
ductive member 15 by a gap 1n the first direction (x-direc-
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tion). In particular, second conductive member 16 1s pro-
vided on second insulating substrate segment 115. Each of
first conductive member 15 and second conductive member
16 may be composed of, but 1s not limited to, a metal
material, such as copper or aluminum.

A third conductive member (not shown) 1s provided on
second main face 11x. In particular, the third conductive
member may be provided on third insulating substrate
segment 11c. The third conductive member 1s separated
from first conductive member 15 by a gap in the second
direction (y-direction). A fourth conductive member (not
shown) 1s provided on second main face 11z. The fourth
conductive member 1s separated from second conductive
member 16 by a gap 1n the second direction (y-direction).
The fourth conductive member 1s separated from the third
conductive member by a gap 1n the first direction (x-direc-
tion). In particular, the fourth conductive member may be
provided on fourth mmsulating substrate segment 114. Each of
the third conductive member and the fourth conductive
member may be composed of, but 1s not limited to, a metal
material, such as copper or aluminum.

Each of first semiconductor device 20, second semicon-
ductor device 21, third semiconductor device 204, and
fourth semiconductor device 215 may be a power semicon-
ductor device, such as an insulated gate bipolar transistor
(IGBT) or metal-oxide-semiconductor field-effect transistor
(MOSFET); or may be a diode, such as a freewheeling
diode. Each of first semiconductor device 20, second semi-
conductor device 21, third semiconductor device 205, and
fourth semiconductor device 216 may be composed of
s1licon (S1); or a wide-bandgap semiconductor material such
as silicon carbide (51C), galllum nitride (GalN), or diamond.
First semiconductor device 20, second semiconductor
device 21, third semiconductor device 2054, and fourth
semiconductor device 215 may be the same as or different
from one another 1n terms of at least one of the type and the
materal.

First semiconductor device 20 and second semiconductor
device 21 are aligned along the first direction (x-direction).
Third semiconductor device 206 and fourth semiconductor
device 215 are aligned along the first direction (x-direction).
First semiconductor device 20 and third semiconductor
device 205 are aligned along the second direction (y-direc-
tion). Second semiconductor device 21 and fourth semicon-
ductor device 215 are aligned along the second direction
(y-direction). The plurality of semiconductor devices,
though aligned 1n two rows along the first direction (x-di-
rection) in the present embodiment, may be aligned in three
or more rows along the first direction (x-direction). The
plurality of semiconductor devices, though aligned 1n two
columns along the second direction (y-direction) in the
present embodiment, may be aligned in three or more
columns along the second direction (y-direction).

First semiconductor device 20 1s joined to first conductive
circuit pattern 13 using a conductive joining member 23,
such as solder. Second semiconductor device 21 1s joined to
second conductive circuit pattern 14 using a conductive
joimng member 24, such as solder. Third semiconductor
device 2056 1s joined to third conductive circuit pattern 1356
using a conductive joining member (not shown), such as
solder. Fourth semiconductor device 215 1s joined to fourth
conductive circuit pattern 145 using a conductive joining
member (not shown), such as solder.

First semiconductor device 20 1s electrically connected to
a lead terminal 35 via conductive wires 26 and first con-
ductive circuit pattern 13. Second semiconductor device 21
1s electrically connected to first semiconductor device 20 via
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conductive wires 27 and second conductive circuit pattern
14. Second semiconductor device 21 1s electrically con-
nected to a lead terminal 36 via conductive wires 28.

Third semiconductor device 205 1s electrically connected
to a lead terminal 3556 via conductive wires 2656 and third
conductive circuit pattern 135. Fourth semiconductor device
21b 15 electrically connected to third semiconductor device
205 via conductive wires 275 and fourth conductive circuit
pattern 14b. Fourth semiconductor device 215 1s electrically
connected to a lead terminal 365 via conductive wires 285.

Sealing member 40 seals first semiconductor device 20,
second semiconductor device 21, first conductive circuit
pattern 13, second conductive circuit pattern 14, and con-
ductive wires 26, 27, 28. Sealing member 40 has electrical
insulation properties. Sealing member 40 may further seal
insulating substrate 11. Sealing member 40 may further seal
first conductive member 135 and second conductive member
16. Scaling member 40 may further seal third conductive
circuit pattern 135, fourth conductive circuit pattern 145,
and conductive wires 26b, 27b, 28b. Sealing member 40
may further seal the third conductive member (not shown)
and the fourth conductive member (not shown).

Sealing member 40 may be composed of an insulating
resin, such as epoxy resin, silicone resin, urethane resin,
polyimide resin, polyamide resin, or acrylic resin. Sealing
member 40 may be composed of an insulating resin material
with dispersed fine grain or filler that improves the strength
and heat conductivity of sealing member 40. The fine grain
or filler that improves the strength and heat conductivity of
sealing member 40 may be composed of an inorganic
ceramic material, such as silicon dioxide (S10,), alumina
(Al,O,), aluminum nitride (AIN), boron mitride (BN), sili-
con nitride (S1;N,), diamond (C), silicon carbide (S1C), or
boron oxide (B,O;).

Case 30 may include a base plate 31, an enclosure 32, and
lead terminals 33, 355, 36, 36b. Base plate 31 1s disposed on
the opposite side from first and second semiconductor
devices 20 and 21 with respect to msulating substrate 11.
Base plate 31 may be composed of, but 1s not limited to, a
metal material, such as copper (Cu) or aluminum (Al). Base
plate 31 may be composed of, but 1s not limited to, an alloy
of aluminum and silicon carbide (AlS1C), or an alloy of
copper and molybdenum (CuMo). Base plate 31 may be
composed of, but 1s not limited to, an organic material, such
as epoxy resin, polyimide resin, acrylic resin, or polyphe-
nylenesulfide (PPS) resin.

Insulating substrate 11 1s joined to base plate 31. Specifi-
cally, first insulating substrate segment 11a may be bonded
to base plate 31 via first conductive member 15 and a joining
layer 38. Second insulating substrate segment 115 may be
bonded to base plate 31 via second conductive member 16
and a jomning layer 39. Third insulating substrate segment
11c may be bonded to base plate 31 via the third conductive
member (not shown) and a joining layer (not shown). Fourth
insulating substrate segment 114 may be bonded to base
plate 31 via the fourth conductive member (not shown) and
a joming layer (not shown). Each of joining layers 38, 39
may be composed of a resin adhesive, such as a silicone
resin adhesive, or a conductive joining material, such as
solder.

Enclosure 32 1s bonded to base plate 31. Enclosure 32
includes lead terminals 35, 355, 36, 36b. Enclosure 32 may
be composed of an electrically insulating resin, such as
epoxy resin, polyimide resin, acrylic resin, or polyphenyle-
nesulfide (PPS) resin. Lead terminals 335, 355, 36, 36) are
led out of power semiconductor module 1 through enclosure
32. Lead termunals 35, 355, 36, 366 do not pass through first
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barrier layer S0 or are not in contact with first barrier layer
50. In the present embodiment, no interface 1s formed
between lead terminals 35, 3554, 36, 364 and first barrier
layer 50. Accordingly, power semiconductor module 1 can
avoid the penetration of moisture and gas through an inter-
face. Fach of lead terminals 35, 356, 36, 366 may be
composed of a metal material, such as copper or aluminum.

First barrier layer 50 1s disposed on the opposite side from
insulating substrate 11 with respect to first and second
semiconductor devices 20 and 21. First barrier layer 50 1s
disposed on the opposite side from insulating substrate 11
with respect to third and fourth semiconductor devices 205
and 215. First barrier layer 50 1s provided on or in sealing
member 40. In the present embodiment, first barrier layer 50
1s provided on sealing member 40. In plan view of first main
face 11m of insulating substrate 11, first barrier layer 50
covers first semiconductor device 20, second semiconductor
device 21, third semiconductor device 2054, and fourth
semiconductor device 215. In plan view of first main face
11 of insulating substrate 11, first barrier layer 50 may
cover 80% or more of the area of an outer surface 41 of
sealing member 40; or may cover 90% or more of the area
ol outer surface 41 of sealing member 40; or may cover the
whole outer surface 41 of sealing member 40.

First barrier layer 50 prevents moisture and gas (e.g.,
sulfur gas) from entering power semiconductor module 1.
First barrier layer 50 prevents or reduces moisture and gas
from penetrating to first semiconductor device 20, second
semiconductor device 21, first conductive circuit pattern 13,
second conductive circuit pattern 14, insulating substrate 11,
first conductive member 15, second conductive member 16,
and conductive wires 26, 27, 28. First barrier layer 50 can
prevent the increase in leakage current from, for example,
first and second semiconductor devices 20 and 21; and can
prevent the decrease in insulation performance of, for
example, msulating substrate 11 (first mnsulating substrate
segment 11a, second 1nsulating substrate segment 115).

First barrier layer 50 prevents or reduces moisture and gas
from penetrating to third semiconductor device 205, fourth
semiconductor device 215, third conductive circuit pattern
135, fourth conductive circuit pattern 145, the third conduc-
tive member (not shown), the fourth conductive member
(not shown), and conductive wires 26b, 27b, 28b. First
barrier layer 50 can prevent the increase 1n leakage current
from, for example, third and fourth semiconductor devices
200 and 21b; and can prevent the decrease in insulation
performance of, for example, isulating substrate 11 (third
insulating substrate segment 11¢, fourth mnsulating substrate
segment 11d).

First barrier layer 50 1s composed of a material having low
permeability to moisture and gas. First barrier layer 30 may
be composed of a thermoplastic resin, such as polyphenyle-
nesulfide (PPS), polybutylene terephthalate (PBT), or
polyether ether ketone (PEEK); a thermosetting resin; a
fluoropolymer, such as polytetrafluoroethylene (PTFE); a
ceramic or glass material; or a mixture of any of these
materials.

At least one of first barrier layer 50 and sealing member
40 1ncludes a first stress relaxation portion 33. In the present
embodiment, first barrier layer 50 includes first stress relax-
ation portion 33. First barrier layer 50 includes a first surface
51 on the side where first and second semiconductor devices
20 and 21 are located, and a second surface 52 on the side
opposite to first surface 51. First stress relaxation portion 53
1s a first recess formed 1n at least one of first surface 51 and
second surface 52. In the present embodiment shown 1n FIG.
2, first stress relaxation portion 33 1s a first recess formed 1n
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second surface 52 of first barrier layer 50. First stress
relaxation portion 533 may be a first recess formed 1n first
surface 51 of first barrier layer 50, as seen 1n a power
semiconductor module 15 1n a first variation of the present
embodiment shown 1n FIG. 3.

The first recess (first stress relaxation portion 33) may be
tapered, as seen 1n a power semiconductor module 1c 1n a
second variation of the present embodiment shown 1n FIG.
4. The first recess may extend along at least one of the first
direction (x-direction) and second direction (y-direction).
The first recess may include a plurality of first sub-recesses
aligned along at least one of the first direction (x-direction)
and second direction (y-direction).

Power semiconductor module 1, 15, 1¢ 1s composed of a
plurality of members having different coeflicients of linear
thermal expansion, such as first barrier layer 50, sealing
member 40, and 1nsulating substrate 11. While 1n operation
or under an ambient temperature change, power semicon-
ductor module 1, 15, 1¢ undergoes a temperature change and
warps. First stress relaxation portion 33 reduces stress on
first barrier layer 50 caused by the warp of power semicon-
ductor module 1, 15, 1c. Specifically, first stress relaxation
portion 53 1n the form of a first recess reduces the thickness
of at least one of first barrier layer 50 and sealing member
40. The first recess allows at least one of first barrier layer
50 and sealing member 40 to easily deform in accordance
with the warping deformation of power semiconductor mod-
ule 1, 15, 1¢. The first recess thus reduces stress on first
barrier layer 50 caused by the warp of power semiconductor
module 1, 15, 1¢, and prevents first barrier layer 50 from
cracking.

In plan view of first main face 11m of insulating substrate
11, first stress relaxation portion 53 overlaps first gap 17
between first conductive circuit pattern 13 and second
conductive circuit pattern 14. In plan view of first main face
11 of 1mnsulating substrate 11, first stress relaxation portion
53 may have a smaller width than first gap 17, and may be
within first gap 17. In plan view of first main face 11m of
insulating substrate 11, first stress relaxation portion 33 may
have the same width as first gap 17, or may have a larger
width than first gap 17. First stress relaxation portion 53 may
be located in the central portion of power semiconductor
module 1, 15, 1¢ 1n the first direction (x-direction).

In plan view of first main face 11 of insulating substrate
11, first stress relaxation portion 33 overlaps the gap
between third conductive circuit pattern 135 and fourth
conductive circuit pattern 145. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than the gap between
third conductive circuit pattern 135 and fourth conductive
circuit pattern 145, and may be within the gap between third
conductive circuit pattern 135 and fourth conductive circuit
pattern 14b. In plan view of first main face 11 of insulating
substrate 11, first stress relaxation portion 33 may have the
same width as the gap between third conductive circuit
pattern 135 and fourth conductive circuit pattern 145, or may
have a larger width than the gap between third conductive
circuit pattern 135 and fourth conductive circuit pattern 145.

In plan view of first main face 11m of insulating substrate
11, first stress relaxation portion 33 overlaps the gap
between {first conductive circuit pattern 13 and third con-
ductive circuit pattern 135. In plan view of first main face
11 of 1mnsulating substrate 11, first stress relaxation portion
53 may have a smaller width than the gap between first
conductive circuit pattern 13 and third conductive circuit
pattern 135, and may be within the gap between first
conductive circuit pattern 13 and third conductive circuit
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pattern 135. In plan view of first main face 11z of imnsulating,
substrate 11, first stress relaxation portion 33 may have the
same width as the gap between first conductive circuit
pattern 13 and third conductive circuit pattern 135, or may
have a larger width than the gap between first conductive
circuit pattern 13 and third conductive circuit pattern 135.
First stress relaxation portion 33 may be located in the
central portion of power semiconductor module 1, 15, 1¢ 1n
the second direction (y-direction).

In plan view of first main face 11m of msulating substrate
11, first stress relaxation portion 33 overlaps the gap
between second conductive circuit pattern 14 and fourth
conductive circuit pattern 145. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than the gap between
second conductive circuit pattern 14 and fourth conductive
circuit pattern 145, and may be within the gap between
second conductive circuit pattern 14 and fourth conductive
circuit pattern 145. In plan view of first main face 11m of
insulating substrate 11, first stress relaxation portion 33 may
have the same width as the gap between second conductive
circuit pattern 14 and fourth conductive circuit pattern 145,
or may have a larger width than the gap between second
conductive circuit pattern 14 and fourth conductive circuit
pattern 14b.

In plan view of first main face 11m of insulating substrate
11, first stress relaxation portion 53 may overlap second gap
12 between first insulating substrate segment 11 and second
insulating substrate segment 115. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than second gap 12, and
may be within second gap 12. In plan view of {irst main face
11 of mnsulating substrate 11, first stress relaxation portion
53 may have the same width as second gap 12, or may have
a larger width than second gap 12.

In plan view of first main face 11m of msulating substrate
11, first stress relaxation portion 53 may overlap the gap
between third insulating substrate segment 11¢ and fourth
insulating substrate segment 114d. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than the gap between
third insulating substrate segment 11¢ and fourth insulating
substrate segment 114, and may be within the gap between
third insulating substrate segment 11¢ and fourth insulating
substrate segment 114d. In plan view of first main face 11m
of 1sulating substrate 11, first stress relaxation portion 53
may have the same width as the gap between third insulating,
substrate segment 11¢ and fourth msulating substrate seg-
ment 114, or may have a larger width than the gap between
third 1nsulating substrate segment 11¢ and fourth nsulating,
substrate segment 114.

In plan view of first main face 11m of msulating substrate
11, first stress relaxation portion 53 may overlap the gap
between first insulating substrate segment 11¢ and third
insulating substrate segment 11¢. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than the gap between
first insulating substrate segment 11a and third insulating
substrate segment 11¢, and may be within the gap between
first 1nsulating substrate segment 11a¢ and third insulating
substrate segment 11c. In plan view of first main face 11m
of 1sulating substrate 11, first stress relaxation portion 53
may have the same width as the gap between first insulating,
substrate segment 11a and third insulating substrate segment
11c, or may have a larger width than the gap between first
insulating substrate segment 11a and third insulating sub-
strate segment 11c.
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In plan view of first main face 11z of insulating substrate
11, first stress relaxation portion 53 may overlap the gap
between second 1nsulating substrate segment 115 and fourth
insulating substrate segment 114. In plan view of {irst main
face 11m of insulating substrate 11, first stress relaxation
portion 53 may have a smaller width than the gap between
second 1nsulating substrate segment 115 and fourth nsulat-
ing substrate segment 114, and may be within the gap
between second 1nsulating substrate segment 115 and fourth
insulating substrate segment 114. In plan view of first main
face 11m of insulating substrate 11, first stress relaxation
portion 33 may have the same width as the gap between
second insulating substrate segment 115 and fourth 1nsulat-
ing substrate segment 114, or may have a larger width than
the gap between second insulating substrate segment 115
and fourth insulating substrate segment 11d.

When power semiconductor module 1, 15, 1¢ undergoes
a temperature change and warps, stress concentrates on a
portion of first barrier layer 50 corresponding to the central
portion of power semiconductor module 1, 15, 1¢ 1n the first
direction (x-direction) and corresponding to the central
portion of power semiconductor module 1, 15, 1¢ 1n the
second direction (y-direction). When power semiconductor
module 1, 15, 1¢c undergoes a temperature change and warps,
stress concentrates on a portion of first barrier layer 50
corresponding to second gap 12 between first insulating
substrate segment 11a and second insulating substrate seg-
ment 115, corresponding to the gap between third insulating
substrate segment 11¢ and fourth insulating substrate seg-
ment 11d, corresponding to the gap between first insulating
substrate segment 11a and third insulating substrate segment
11c, and corresponding to the gap between second insulating
substrate segment 115 and fourth insulating substrate seg-
ment 114. In the present embodiment, first stress relaxation
portion 53 1s provided 1n a portion of {first barrier layer 50
susceptible to stress concentration. First stress relaxation
portion 33 eflectively prevents first barrier layer 50 from
cracking.

First stress relaxation portion 53 may be a first through
portion connecting first surface 51 to second surface 52, as
seen 1n a power semiconductor module 14 1n a third varia-
tion of the present embodiment shown 1n FIG. 5. The first
through portion may be a first slot extending along at least
one of the first direction (x-direction) and second direction
(y-direction). The first through portion may include a plu-
rality of first through holes aligned along at least one of the
first direction (x-direction) and second direction (y-direc-
tion). The first through portion may separate first barrier
layer 50 into a plurality of first barnier layer segments. A
larger power semiconductor module 14 will produce an
increased stress on first barrier layer 50 when warping. First
stress relaxation portion 33 (first through portion) reduces
the increased stress, and prevents first barrier layer 50 from
cracking. First stress relaxation portion 53 thus prevents first
barrier layer 50 from cracking.

The advantageous eflects of power semiconductor mod-
ule 1, 15, 1c¢, 1d 1n the present embodiment will now be
described.

Power semiconductor module 1, 15, 1¢, 14 1n the present
embodiment includes insulating substrate 11, first conduc-
tive circuit pattern 13, second conductive circuit pattern 14,
first semiconductor device 20, second semiconductor device
21, sealing member 40, and first barrier layer 50. Insulating
substrate 11 includes first main face 11m. First conductive
circuit pattern 13 1s provided on first main face 11m. Second
conductive circuit pattern 14 1s provided on first main face
11. Second conductive circuit pattern 14 1s separated from
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first conductive circuit pattern 13 by first gap 17. First
semiconductor device 20 1s joined to first conductive circuit

pattern 13. Second semiconductor device 21 1s joined to
second conductive circuit pattern 14. Sealing member 40
seals first semiconductor device 20, second semiconductor
device 21, first conductive circuit pattern 13, and second
conductive circuit pattern 14. First barrier layer 50 1s dis-
posed on the opposite side from 1nsulating substrate 11 with
respect to first and second semiconductor devices 20 and 21.
First barrier layer 50 1s provided on sealing member 40. At
least one of first barrier layer 50 and sealing member 40
includes first stress relaxation portion 33.

First barrier layer 50 prevents or reduces moisture and gas
from penetrating to first semiconductor device 20, second
semiconductor device 21, first conductive circuit pattern 13,
second conductive circuit pattern 14, and insulating sub-
strate 11. Further, first stress relaxation portion 33 reduces
stress on first barrier layer 50 caused by the warp of power
semiconductor module 1, 15, 1c, 1d, and prevents first
barrier layer 50 from cracking. The reliability of power
semiconductor module 1, 15, 1¢, 1d can thus be improved.

Embodiment 2

With reference to FIG. 6, a power semiconductor module
le 1n embodiment 2 will now be described. Power semi-
conductor module le in the present embodiment has a
configuration similar to that of power semiconductor module
1, 156, 1¢, 1d 1n embodiment 1, but differs from power
semiconductor module 1, 15, 1¢, 1d mainly 1n the following
respects.

In power semiconductor module 1e, first stress relaxation
portion 53 1s provided 1n first barrier layer 50 in such a way
that first stress relaxation portion 33 is at a location corre-
sponding to first conductive circuit pattern 13, second con-
ductive circuit pattern 14, and first gap 17. The thickness of
first barrier layer 50 gradually decreases toward a first
portion 55 of first barrier layer 50 at least 1n {first stress
relaxation portion 53. In plan view of first main face 11m of
insulating substrate 11, first portion 55 overlaps first gap 17
between first conductive circuit pattern 13 and second
conductive circuit pattern 14. In plan view of first main face
11 of insulating substrate 11, first portion 55 1s located
within first gap 17. In plan view of first main face 11m of
insulating substrate 11, first portion 35 1s located within
second gap 12. First portion 55 1s located in the central
portion of power semiconductor module le 1n the first
direction (x-direction). The thickness of first barrier layer 50
1s smallest at first portion 55 of first stress relaxation portion
53.

First barrier layer 50 1s similarly configured in the portion
corresponding to third conductive circuit pattern 135, fourth
conductive circuit pattern 145, and the gap between third
conductive circuit pattern 135 and fourth conductive circuit
pattern 145. First barrier layer 50 may be similarly config-
ured 1n the portion corresponding to first conductive circuit
pattern 13, third conductive circuit pattern 135, and the gap
between first conductive circuit pattern 13 and third con-
ductive circuit pattern 135. First barrier layer 50 may be
similarly configured in the portion corresponding to second
conductive circuit pattern 14, fourth conductive circuit pat-
tern 145, and the gap between second conductive circuit
pattern 14 and fourth conductive circuit pattern 145.

Power semiconductor module 1e 1n the present embodi-
ment has the following advantageous eflects, similar to
power semiconductor module 1, 15, 1¢, 1d 1n embodiment
1. The thickness of first barrier layer 50 1s smallest at first
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portion 55 of first stress relaxation portion 53. First stress
relaxation portion 33 allows at least one of first barrier layer

50 and sealing member 40 to easily deform 1n accordance
with the warping deformation of power semiconductor mod-
ule 1e. First stress relaxation portion 53 reduces stress on
first barrier layer 50 caused by the warp of power semicon-
ductor module 1e, and prevents first barrier layer 50 from
cracking. The reliability of power semiconductor module 1e
can thus be improved.

Embodiment 3

With reference to FIG. 7, a power semiconductor module
1/ 1n embodiment 3 will now be described. Power semicon-
ductor module 1/ 1n the present embodiment has a configu-
ration similar to that of power semiconductor module 1, 15,
1c, 1d 1n embodiment 1, but differs from power semicon-
ductor module 1, 15, 1¢, 1d mainly 1n the following respects.

In power semiconductor module 1/, sealing member 40
includes a first stress relaxation portion 43. First stress
relaxation portion 43 1s a second recess formed 1n outer
surface 41 of sealing member 40. The second recess may
extend along at least one of the first direction (x-direction)
and second direction (y-direction). The second recess may
include a plurality of second sub-recesses aligned along at
least one of the first direction (x-direction) and second
direction (y-direction). The second recess (first stress relax-
ation portion 43) may be tapered, as seen 1 a power
semiconductor module 1g 1n a vanation of the present
embodiment shown 1n FIG. 8.

In plan view of first main face 11m of insulating substrate
11, first stress relaxation portion 43 overlaps first gap 17
between first conductive circuit pattern 13 and second
conductive circuit pattern 14. In plan view of first main face
11 of 1mnsulating substrate 11, first stress relaxation portion
43 may have a smaller width than first gap 17, and may be
within first gap 17. In plan view of {irst main face 11m of
insulating substrate 11, first stress relaxation portion 43 may
have the same width as first gap 17, or may have a larger
width than first gap 17. In plan view of first main face 11m
of 1nsulating substrate 11, first stress relaxation portion 43
overlaps second gap 12 between first 1sulating substrate
segment 11a and second insulating substrate segment 115.
First stress relaxation portion 43 1s located in the central
portion of power semiconductor module 1f, 1¢ 1n the first
direction (x-direction).

First barrier layer 50 includes a protrusion 56 protruding
from {irst surface 51. Protrusion 36 may be complementary
to the second recess (first stress relaxation portion 43) in
shape. In plan view of first main face 11m of insulating
substrate 11, protrusion 56 overlaps first gap 17 between first
conductive circuit pattern 13 and second conductive circuit
pattern 14. In particular, 1n plan view of first main face 11m
of insulating substrate 11, protrusion 56 1s located within
first gap 17. In plan view of first main face 11 of insulating
substrate 11, protrusion 56 overlaps second gap 12 between
first insulating substrate segment 11a¢ and second insulating
substrate segment 115. Protrusion 56 1s located 1n the central
portion of power semiconductor module 1f, 1¢ 1n the first
direction (x-direction).

Sealing member 40 1s similarly configured 1n the portion
corresponding to third conductive circuit pattern 135, fourth
conductive circuit pattern 145, and the gap between third
conductive circuit pattern 135 and fourth conductive circuit
pattern 145. Sealing member 40 may be similarly configured
in the portion corresponding to first conductive circuit
pattern 13, third conductive circuit pattern 135, and the gap
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between first conductive circuit pattern 13 and third con-
ductive circuit pattern 135. Sealing member 40 may be

similarly configured in the portion corresponding to second
conductive circuit pattern 14, fourth conductive circuit pat-
tern 145, and the gap between second conductive circuit
pattern 14 and fourth conductive circuit pattern 145.

In plan view of first main face 11 of insulating substrate
11, protrusion 56 of first barrier layer 50 overlaps the gap
between third conductive circuit pattern 135 and fourth
conductive circuit pattern 145. In particular, in plan view of
first main face 11m of insulating substrate 11, protrusion 56
1s located within the gap between third conductive circuit
pattern 135 and fourth conductive circuit pattern 145. In plan
view ol first main face 11m of insulating substrate 11,
protrusion 56 overlaps the gap between third insulating
substrate segment 11¢ and fourth isulating substrate seg-
ment 114. Protrusion 56 1s located 1n the central portion of
power semiconductor module 1/, 1g 1n the second direction
(y-direction).

Power semiconductor module 1/, 1g i the present
embodiment has the following advantageous eflects, similar
to power semiconductor module 1, 15, 1¢, 14 1n embodiment
1. First stress relaxation portion 43 allows at least one of first
barrier layer 50 and sealing member 40 to easily deform in
accordance with the warping deformation of power semi-
conductor module 1/, 1g. First stress relaxation portion 43
reduces stress on {irst barrier layer 50 caused by the warp of
power semiconductor module 1f, 1g, and prevents first
barrier layer 50 from cracking. The reliability of power
semiconductor module 1f, 1g can thus be improved.

Embodiment 4

With reference to FIG. 9, a power semiconductor module
12 1n embodiment 4 will now be described. Power semi-
conductor module 1/~ in the present embodiment has a
configuration similar to that of power semiconductor module
1/, 1g 1n embodiment 3, but differs from power semicon-
ductor module 1f, 1g mainly in the following respects.

In power semiconductor module 14, first stress relaxation
portion 43 1s provided in sealing member 40 1n such a way
that first stress relaxation portion 43 1s at a location corre-
sponding to first conductive circuit pattern 13, second con-
ductive circuit pattern 14, and first gap 17. Outer surface 41
of sealing member 40 1s gradually recessed toward a second
portion 45 of outer surface 41 at least 1n first stress relaxation
portion 43. In plan view of first main face 11m of nsulating,
substrate 11, second portion 43 overlaps first gap 17 between
first conductive circuit pattern 13 and second conductive
circuit pattern 14. In particular, in plan view of first main
tace 11m of insulating substrate 11, second portion 45 1is
located within first gap 17. First stress relaxation portion 43
overlaps second gap 12 between first mnsulating substrate
segment 11a and second insulating substrate segment 115.
Second portion 45 1s located 1n the central portion of power
semiconductor module 1/ 1n the first direction (x-direction).
Outer surface 41 of sealing member 40 1s recessed deepest
at second portion 45 of first stress relaxation portion 43.

Outer surface 41 of sealing member 40 1s similarly
configured in the portion corresponding to third conductive
circuit pattern 135, fourth conductive circuit pattern 145,
and the gap between third conductive circuit pattern 135 and
tourth conductive circuit pattern 14b. Outer surface 41 of
sealing member 40 may be similarly configured in the
portion corresponding to first conductive circuit pattern 13,
third conductive circuit pattern 135, and the gap between
first conductive circuit pattern 13 and third conductive
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circuit pattern 135. Outer surface 41 of sealing member 40
may be similarly configured in the portion corresponding to
second conductive circuit pattern 14, fourth conductive
circuit pattern 145, and the gap between second conductive
circuit pattern 14 and fourth conductive circuit pattern 145.

Power semiconductor module 1/ 1n the present embodi-
ment has the following advantageous eflects, similar to
power semiconductor module 1/, 1g in embodiment 3. Outer
surface 41 of sealing member 40 1s recessed deepest at
second portion 43 of first stress relaxation portion 43. First
stress relaxation portion 43 allows at least one of first barrier
layer 50 and sealing member 40 to easily deform 1n accor-
dance with the warping deformation of power semiconduc-
tor module 1/. First stress relaxation portion 43 reduces
stress on first barrier layer 50 caused by the warp of power
semiconductor module 1/, and prevents first barrier layer 50
from cracking. The reliability of power semiconductor mod-
ule 1/ can thus be improved.

Embodiment 5

With reference to FIG. 10, a power semiconductor module
1; 1n embodiment 5 will now be described. Power semicon-
ductor module 1/ in the present embodiment has a configu-
ration similar to that of power semiconductor module 1 1n
embodiment 1, but differs from power semiconductor mod-
ule 1 mainly 1n the following respects. In power semicon-
ductor module 1i, first barrier layer 50 1s provided 1n sealing
member 40. First stress relaxation portion 53 may be a first
through portion connecting first surface 51 to second surface
52, as seen 1 a power semiconductor module 1/ 1 a
variation of the present embodiment shown in FIG. 11.

Power semiconductor module 1i, 1j i the present
embodiment has the following advantageous etlects 1n addi-
tion to those of power semiconductor module 1, 14 1n
embodiment 1. First barrier layer 50 1s provided in sealing
member 40. First barrier layer 50 1s not exposed to oxygen
in the air. This prevents first barrier layer 30 from oxidation
and deterioration when power semiconductor module 17, 1;
1s operating and rises to a high temperature. The reliability
of power semiconductor module 17, 17 can thus be improved.

Embodiment 6

With reference to FIG. 12, a power semiconductor module
14 1n embodiment 6 will now be described. Power semi-
conductor module 1% 1n the present embodiment has a
configuration similar to that of power semiconductor module
15 1n the first vanation of embodiment 1, but differs from
power semiconductor module 15 mainly 1n the following
respects. At least a part of the first recess 1s a cavity 38 which
1s not filled with sealing member 40. In particular, the whole
ol first recess 1s cavity 58.

Power semiconductor module 1% in the present embodi-
ment has the following advantageous eflects 1n addition to
those of power semiconductor module 1, 15 1n embodiment
1. In power semiconductor module 14 1n the present embodi-
ment, first barrier layer 50 1s provided on sealing member
40. The first recess 1s formed 1n first surface 51. At least a
part of the first recess 1s cavity 58 which is not filled with
sealing member 40. A larger power semiconductor module
1% will produce an increased stress on first barrier layer 50
when warping. Cavity 58 reduces the increased stress, and
prevents first barrier layer 50 from cracking. The reliability
of power semiconductor module 1% can thus be further
improved.
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Embodiment 7

With reference to FIGS. 13 and 14, a power semiconduc-
tor module 1m 1n embodiment 7 will now be described.
Power semiconductor module 1 1n the present embodiment
has a configuration and advantageous eflects similar to those
of power semiconductor module 1 1 embodiment 1, but
differs from power semiconductor module 1 mainly in the
tollowing respects.

Power semiconductor module 1m further includes a sec-
ond barrier layer 60 such that second barrier layer 60 and
first barrier layer 50 are stacked. Sealing member 40 may be
interposed between first barrier layer 50 and second barrier
layer 60. In the present embodiment, second barrier layer 60
1s closer to first and second semiconductor devices 20 and 21
than first barrier layer 50 1s to first and second semiconduc-
tor devices 20 and 21. Second barrier layer 60 1s disposed
between first barrier layer 50, and first and second semicon-
ductor devices 20 and 21. Second barrnier layer 60 1s pro-
vided in sealing member 40. Second barrier layer 60 may be
remoter from {irst and second semiconductor devices 20 and
21 than first barner layer 50 1s from first and second
semiconductor devices 20 and 21.

In plan view of first main face 11m of msulating substrate
11, second barrier layer 60 covers first semiconductor device
20, second semiconductor device 21, third semiconductor
device 20b, and fourth semiconductor device 215. In plan
view of first main face 11 of insulating substrate 11, second
barrier layer 60 may cover 80% or more of the area of outer
surface 41 of sealing member 40; or may cover 90% or more
of the area of outer surface 41 of sealing member 40; or may
cover the whole outer surface 41 of sealing member 40.

In the present embodiment, 1n plan view of first main face
11 of msulating substrate 11, second barrier layer 60 has a
larger area than first barrier layer 50. In plan view of {first
main face 11m of insulating substrate 11, the second outer
periphery of second barrier layer 60 1s located on the outer
side relative to the first outer periphery of first barrier layer
50. In plan view of first main face 11m of insulating substrate
11, second barrier layer 60 may have the same area as first
barrier layer 50, or may have a smaller area than first barrier
layer 50. In plan view of first main face 11m of insulating
substrate 11, the second outer periphery of second barrier
layer 60 may align with the first outer periphery of first
barrier layer 50, or may be on the mner side relative to the
first outer periphery of {first barrier layer 50.

Second barrier layer 60 prevents moisture and gas (e.g.,
sulfur gas) from entering power semiconductor module 1.
Second barrier layer 60 prevents or reduces moisture and gas
from penetrating to first semiconductor device 20, second
semiconductor device 21, first conductive circuit pattern 13,
second conductive circuit pattern 14, insulating substrate 11,
first conductive member 15, and second conductive member
16. Second barrier layer 60 can prevent the increase in
leakage current from, for example, first and second semi-
conductor devices 20 and 21; and can prevent the decrease
in 1nsulation performance of, for example, insulating sub-
strate 11 (first insulating substrate segment 1la, second
insulating substrate segment 115).

Second barrier layer 60 prevents or reduces moisture and
gas Irom penetrating to third semiconductor device 205,
fourth semiconductor device 215, third conductive circuit
pattern 135, fourth conductive circuit pattern 145, the third
conductive member (not shown), and the fourth conductive
member (not shown). Second barrier layer 60 can prevent
the increase 1n leakage current from third and fourth semi-
conductor devices 2056 and 21b5; and can prevent the
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decrease 1n 1sulation performance of, for example, insulat-
ing substrate 11 (third insulating substrate segment 1lc,
fourth 1nsulating substrate segment 11d).

Second barrier layer 60 1s composed of a material having
low permeability to moisture and gas. Second barrier layer
60 may be composed of a thermoplastic resin, such as
polyphenylenesulfide (PPS), polybutylene terephthalate
(PBT), or polyether ether ketone (PEEK); a thermosetting
resin; a fluoropolymer, such as polytetrafluoroethylene
(PTFE); a ceramic or glass material; or a mixture of any of
these matenals.

At least one of second barrier layer 60 and sealing
member 40 1ncludes a second stress relaxation portion 63. In
the present embodiment, second barrier layer 60 includes
second stress relaxation portion 63. Second barrier layer 60
includes a third surface 61 on the side where first and second
semiconductor devices 20 and 21 are located, and a fourth
surface 62 on the side opposite to third surface 61. Second
stress relaxation portion 63 1s a third recess formed 1n at least
one of third surface 61 and fourth surface 62. The third
recess may extend along at least one of the first direction
(x-direction) and second direction (y-direction). The third
recess may 1nclude a plurality of third sub-recesses aligned
along at least one of the first direction (x-direction) and
second direction (y-direction). In plan view of first main face
112 of insulating substrate 11, at least a part of second stress
relaxation portion 63 may overlap first stress relaxation
portion 53.

In the present embodiment shown 1 FIG. 14, second
stress relaxation portion 63 may be a third recess formed 1n
fourth surface 62 of second barrier layer 60. The third recess
in second barrier layer 60 may have a smaller width than the
first recess 1n first barrier layer 50. The third recess 1n second
barrier layer 60 may have a larger width than the first recess
in {irst barrier layer 50, as seen 1n a power semiconductor
module 1» 1n a first variation of the present embodiment
shown 1n FIG. 15. The third recess in second barrier layer 60
may have the same width as the first recess 1n first barrier
layer 50.

While i operation or under an ambient temperature
change, power semiconductor module 1#, 1z undergoes a
temperature change and warps. Second stress relaxation
portion 63 reduces stress on second barrier layer 60 caused
by the warp of power semiconductor module 1m, 1. Spe-
cifically, second stress relaxation portion 63 1n the form of
a third recess reduces the thickness of at least one of second
barrier layer 60 and sealing member 40. The third recess
allows at least one of second barrier layer 60 and sealing
member 40 to easily deform 1n accordance with the warping
deformation of power semiconductor module 1m, 1n. The
third recess reduces stress on second barrier layer 60 caused
by the warp of power semiconductor module 1m, 17, and
prevents second barrier layer 60 from cracking.

In plan view of first main face 11# of insulating substrate
11, second stress relaxation portion 63 overlaps first gap 17
between first conductive circuit pattern 13 and second
conductive circuit pattern 14. In plan view of first main face
112 of 1insulating substrate 11, second stress relaxation
portion 63 may have a smaller width than first gap 17, and
may be within first gap 17. In plan view of first main face
11 of insulating substrate 11, second stress relaxation
portion 63 may have the same width as first gap 17, or may
have a larger width than first gap 17.

In plan view of first main face 11m of insulating substrate
11, second stress relaxation portion 63 overlaps the gap
between third conductive circuit pattern 135 and fourth
conductive circuit pattern 145. In plan view of first main
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tace 11m of msulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
third conductive circuit pattern 135 and fourth conductive
circuit pattern 145, and may be within the gap between third
conductive circuit pattern 135 and fourth conductive circuit
pattern 145. In plan view of first main face 11 of insulating,
substrate 11, second stress relaxation portion 63 may have
the same width as the gap between third conductive circuit
pattern 135 and fourth conductive circuit pattern 145, or may
have a larger width than the gap between third conductive
circuit pattern 135 and fourth conductive circuit pattern 145.

In plan view of first main face 11m of insulating substrate
11, second stress relaxation portion 63 overlaps the gap
between {first conductive circuit pattern 13 and third con-
ductive circuit pattern 135. In plan view of first main face
11 of insulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
first conductive circuit pattern 13 and third conductive
circuit pattern 135, and may be within the gap between first
conductive circuit pattern 13 and third conductive circuit
pattern 135. In plan view of first main face 11 of insulating,
substrate 11, second stress relaxation portion 63 may have
the same width as the gap between first conductive circuit
pattern 13 and third conductive circuit pattern 135, or may
have a larger width than the gap between first conductive
circuit pattern 13 and third conductive circuit pattern 135.

In plan view of first main face 11 of insulating substrate
11, second stress relaxation portion 63 overlaps the gap
between second conductive circuit pattern 14 and fourth
conductive circuit pattern 145. In plan view of first main
tace 11m of msulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
second conductive circuit pattern 14 and fourth conductive
circuit pattern 145, and may be within the gap between
second conductive circuit pattern 14 and fourth conductive
circuit pattern 145. In plan view of first main face 11m of
insulating substrate 11, second stress relaxation portion 63
may have the same width as the gap between second
conductive circuit pattern 14 and fourth conductive circuit
pattern 145, or may have a larger width than the gap between
second conductive circuit pattern 14 and fourth conductive
circuit pattern 145.

In plan view of first main face 11 of insulating substrate
11, second stress relaxation portion 63 may overlap second
gap 12 between {irst isulating substrate segment 11a and
second 1nsulating substrate segment 115. In plan view of first
main face 11m of insulating substrate 11, second stress
relaxation portion 63 may have a smaller width than second
gap 12, and may be within second gap 12. In plan view of
first main face 11m of msulating substrate 11, second stress
relaxation portion 63 may have the same width as second
gap 12, or may have a larger width than second gap 12.

In plan view of first main face 11m of insulating substrate
11, second stress relaxation portion 63 may overlap the gap
between third insulating substrate segment 11¢ and fourth
insulating substrate segment 114. In plan view of first main
tace 11m of msulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
third 1nsulating substrate segment 11¢ and fourth nsulating
substrate segment 114, and may be within the gap between
third 1nsulating substrate segment 11¢ and fourth nsulating,
substrate segment 11d. In plan view of first main face 11m
of insulating substrate 11, second stress relaxation portion
63 may have the same width as the gap between third
insulating substrate segment 11¢ and fourth 1nsulating sub-
strate segment 11d, or may have a larger width than the gap
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between third insulating substrate segment 11¢ and fourth
insulating substrate segment 114

In plan view of first main face 11m of insulating substrate
11, second stress relaxation portion 63 may overlap the gap
between {first insulating substrate segment 11a and third
insulating substrate segment 11¢. In plan view of first main
face 11m of msulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
first 1insulating substrate segment 11a and third insulating
substrate segment 11¢, and may be within the gap between
first 1nsulating substrate segment 11a¢ and third insulating
substrate segment 11c. In plan view of first main face 11m
ol msulating substrate 11, second stress relaxation portion
63 may have the same width as the gap between first
insulating substrate segment 11a and third insulating sub-
strate segment 11c, or may have a larger width than the gap
between {first insulating substrate segment 11a and third
insulating substrate segment 11c.

In plan view of first main face 11m of insulating substrate
11, second stress relaxation portion 63 may overlap the gap
between second 1nsulating substrate segment 115 and fourth
insulating substrate segment 114. In plan view of first main
tace 11m of msulating substrate 11, second stress relaxation
portion 63 may have a smaller width than the gap between
second insulating substrate segment 115 and fourth nsulat-
ing substrate segment 114, and may be within the gap
between second msulating substrate segment 115 and fourth
insulating substrate segment 114. In plan view of {irst main
face 11m of msulating substrate 11, second stress relaxation
portion 63 may have the same width as the gap between
second insulating substrate segment 115 and fourth nsulat-
ing substrate segment 114, or may have a larger width than
the gap between second insulating substrate segment 115
and fourth 1nsulating substrate segment 114.

When power semiconductor module 1m, 12 undergoes a
temperature change and warps, stress concentrates on a
portion of second barrier layer 60 corresponding to the
central portion of power semiconductor module 1m#, 12 1n
the first direction (x-direction) and corresponding to the
central portion of power semiconductor module 1m, 17 1n
the second direction (y-direction). When power semicon-
ductor module 1, 172 undergoes a temperature change and
warps, stress concentrates on a portion of second barrier
layer 60 corresponding to second gap 12 between first
insulating substrate segment 1la¢ and second insulating
substrate segment 115, corresponding to the gap between
third 1nsulating substrate segment 11¢ and fourth mnsulating
substrate segment 11d, corresponding to the gap between
first 1insulating substrate segment 11a¢ and third insulating
substrate segment 1lc¢, and corresponding to the gap
between second 1nsulating substrate segment 115 and fourth
insulating substrate segment 114. In the present embodi-
ment, second stress relaxation portion 63 1s provided 1n a
portion of second barrier layer 60 susceptible to stress
concentration. Second stress relaxation portion 63 eflec-
tively prevents second barrier layer 60 from cracking.

Second stress relaxation portion 63 may be a second
through portion connecting third surface 61 to fourth surface
62, as seen 1n a power semiconductor module 1p 1n a second
variation of the present embodiment shown 1n FIG. 16. The
second through portion may be a second slot extending
along at least one of the first direction (x-direction) and
second direction (y-direction). The second through portion
may 1include a plurality of second through holes aligned
along at least one of the first direction (x-direction) and
second direction (y-direction). The second through portion
may separate second barrier layer 60 into a plurality of
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second barrier layer segments. In plan view of first main face
11 of 1insulating substrate 11, at least a part of second stress

relaxation portion 63 (second through portion) overlaps first
barrier layer 50. In particular, in plan view of first main face
11 of insulating substrate 11, the whole of second stress
relaxation portion 63 (second through portion) overlaps first
barrier layer 50.

A larger power semiconductor module 1p will produce an
increased stress on second barrier layer 60 when warping.
Second stress relaxation portion 63 (second through portion)
reduces the increased stress, and prevents second barrier
layer 60 from cracking. Second stress relaxation portion 63
thus prevents second barrier layer 60 from cracking.

Power semiconductor module 1m, 17, 1p 1n the present
embodiment has the following advantageous eflects 1n addi-
tion to those of power semiconductor module 1 1n embodi-
ment 1. Power semiconductor module 1m, 12, 1p further
includes second barrier layer 60 such that second barrier
layer 60 and first barrier layer 50 are stacked. Second barrier
layer 60 prevents or reduces moisture and gas from pen-
etrating to first semiconductor device 20, second semicon-
ductor device 21, first conductive circuit pattern 13, second
conductive circuit pattern 14, and insulating substrate 11.
The rehability of power semiconductor module 1m, 17, 1p
can thus be further improved.

In power semiconductor module 1m, 17, 1p, at least one
of second barrier layer 60 and sealing member 40 includes
second stress relaxation portion 63. Second stress relaxation
portion 63 allows at least one of second barrier layer 60 and
sealing member 40 to easily deform in accordance with the
warping deformation of power semiconductor module 1m,
17, 1p. Second stress relaxation portion 63 reduces stress on
second barrier layer 60 caused by the warp of power
semiconductor module 1m, 1n, 1p, and prevents second
barrier layer 60 from cracking. The reliability of power
semiconductor module 1m, 17, 1p can thus be improved.

Embodiment 8

With reference to FIG. 17, a power semiconductor module
1g 1n embodiment 8 will now be described. Power semi-
conductor module 1g 1n the present embodiment has a

configuration and advantageous eflects similar to those of

power semiconductor module 1 1n embodiment 7, but
differs from power semiconductor module 1# mainly 1n the
tollowing respects.

In power semiconductor module 1¢, first stress relaxation
portion 53 1s a first through portion connecting first surface
51 to second surface 52. The first through portion may be a
first slot extending along at least one of the first direction
(x-direction) and second direction (y-direction). The first
through portion may include a plurality of first through holes
aligned along at least one of the first direction (x-direction)
and second direction (y-direction). The first through portion
may separate first barrier layer 50 into a plurality of first
barrier layer segments. In plan view of first main face 11m
of insulating substrate 11, at least a part of first stress
relaxation portion 53 (first through portion) overlaps second
barrier layer 60. In particular, in plan view of first main face
11 of insulating substrate 11, the whole of first stress
relaxation portion 33 (first through portion) overlaps second
barrier layer 60.

Power semiconductor module 1¢ 1n the present embodi-
ment has the following advantageous eflects in addition to
those of power semiconductor module 17 1n embodiment 7.
A larger power semiconductor module 1g will produce an
increased stress on first barrier layer 50 when warping. First
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stress relaxation portion 53 (first through portion) reduces
the increased stress, and prevents first barrier layer 50 from
cracking. Further, second barrier layer 60 prevents or
reduces moisture and gas, which has entered through first
stress relaxation portion 53 (first through portion), from
penetrating to first semiconductor device 20, second semi-
conductor device 21, first conductive circuit pattern 13,
second conductive circuit pattern 14, and insulating sub-
strate 11. The reliability of power semiconductor module 1¢g
can thus be improved.

Embodiment 9

With reference to FIG. 18, a power semiconductor module
17 in embodiment 9 will now be described. Power semicon-
ductor module 17 1n the present embodiment has a configu-
ration and advantageous eflects similar to those of power
semiconductor module 1 in embodiment 1, but differs from
power semiconductor module 1 mainly in the following
respects.

Instead of base plate 31 (FIG. 2), mnsulating substrate 11
and {irst conductive member 15 may form a part of a case
30g. In the present embodiment, insulating substrate 11 1s a
single plate that 1s not divided 1nto first insulating substrate
segment 11a, second 1nsulating substrate segment 115, third
insulating substrate segment 11¢, and fourth msulating sub-
strate segment 11d. First conductive member 15 lies under
first conductive circuit pattern 13, second conductive circuit
pattern 14, and enclosure 32, with msulating substrate 11
being interposed between first conductive member 15 and
these components 13, 14, and 32. First conductive member
15 may also lie under third conductive circuit pattern 135
and fourth conductive circuit pattern 145, with insulating
substrate 11 being interposed between first conductive mem-
ber 15 and these components 135 and 145. Second conduc-
tive member 16, the third conductive member (not shown),
and the fourth conductive member (not shown) are not
formed on second main face 117 of insulating substrate 11.

Embodiment 10

Embodiment 10 1s an application of power semiconductor
module 1, 15, 1¢, 1d, 1e, 11, 1g, 12, 1i, 1], 1/, 1m, 1n, 1p, 14,
17 according to any one of embodiments 1 to 9 to a power
conversion apparatus. Here, a power conversion apparatus
200 1n the present embodiment may be, but 1s not limited to,
a three-phase inverter.

The power conversion system shown 1n FIG. 19 includes
a power supply 100, power conversion apparatus 200, and a
load 300. Power supply 100 1s a DC power supply that
supplies DC power to power conversion apparatus 200.
Power supply 100 may be, but 1s not limited to, a DC system,
a solar cell, or a storage battery; or may be a rectifier circuit
or AC-to-DC converter connected to an AC system. Power
supply 100 may be a DC-to-DC converter that converts DC
power from a DC system into other DC power.

Power conversion apparatus 200, which 1s a three-phase
iverter connected between power supply 100 and load 300,
converts DC power from power supply 100 into AC power
and supplies the AC power to load 300. As shown 1n FIG. 19,
power conversion apparatus 200 imncludes a main conversion
circuit 201 that converts DC power into AC power and
outputs the AC power which 1s converted power, and a
control circuit 203 that outputs a control signal to main
conversion circuit 201 for controlling main conversion cir-

cuit 201.
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Load 300 1s a three-phase electric motor that 1s driven by
AC power from power conversion apparatus 200. Load 300
may be, but 1s not limited to, an electric motor for a variety
of electrical equipment, such as a hybrid vehicle, an electric
vehicle, a railway vehicle, an elevator, or an air conditioner.

Power conversion apparatus 200 will now be described in
detaill. Main conversion circuit 201 includes switching
devices (not shown) and freewheeling diodes (not shown).
Main conversion circuit 201 switches the voltage from
power supply 100 using the switching devices, thereby
converting DC power from power supply 100 into AC power
to supply the AC power to load 300. Main conversion circuit
201 may have a variety of specific circuit configurations.
Main conversion circuit 201 according to the present
embodiment may be a two-level three-phase full-bridge
circuit including six switching devices and six freewheeling
diodes each connected 1n antiparallel to a corresponding one
of the switching devices. Power semiconductor module 1,
16,1c,1d,1e,1f, 12, 1A, 1;, 1k, 1m, 1n, 1p, 1g, 17 1n any one
of embodiments 1 to 9 described above can be applied to at
least any one of a set of switching devices and a set of
freewheeling diodes 1n main conversion circuit 201. Power
semiconductor module 1, 15, 1¢, 14, 1e, 1/, 1g, 14, 1i, 1}, 1k,
1m, 1n, 1p, 1g, 1¥ 1n any one ol embodiments 1 to 9
described above can be applied to power semiconductor
module 202 1included 1n main conversion circuit 201. The six
switching devices form sets of upper and lower arms, each
of which includes two switching devices connected 1n series.
Each set of upper and lower arms 1s for a corresponding one
of the phases (U, V, and W phases) of the full-bridge circuat.
The output terminals of the respective sets of upper and
lower arms, 1.e., three output terminals of main conversion
circuit 201, are connected to load 300.

Main conversion circuit 201 includes drive circuits (not
shown) to drive the respective switching devices. The drive
circuits may be incorporated in, or provided outside of,
power semiconductor module 202. Each drive circuit gen-
erates a drive signal for driving a corresponding switching
device included in main conversion circuit 201, and supplies
the drive signal to the control electrode of the switching
device 1n main conversion circuit 201. Specifically, each
drive circuit outputs a drive signal to the control electrode of
a corresponding switching device, in accordance with a
control signal from control circuit 203. The drive signal 1s
for turning on or ofl the switching device.

In power conversion apparatus 200 according to the
present embodiment, power semiconductor module 1, 15,
1c, 1d, 1e, 1/, 12, 14, 1, 1k, 1m, 1n, 1p, 1g, 17 according to
any one of embodiments 1 to 9 1s applied to power semi-
conductor module 202 included 1n main conversion circuit
201. Thus, power conversion apparatus 200 according to the
present embodiment has improved reliability.

Although the present embodiment describes an applica-
tion of the present mmvention to a two-level three-phase
inverter, this 1s not a limitation. The present invention may
be applied to a variety of power conversion apparatuses. The
two-level power conversion apparatus in the present
embodiment may instead be a three-level or multilevel
power conversion apparatus. If the power conversion appa-
ratus supplies power to a single-phase load, the present
invention may be applied to a single-phase 1nverter. 11 the
power conversion apparatus supplies power to a DC load or
the like, the present invention may be applied to a DC-to-DC
converter or an AC-to-DC converter.

The power conversion apparatus to which the present
invention 1s applied 1s not limited to a case where an electric
motor 1s used as a load. The power conversion apparatus
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may be incorporated 1n a power supply for, for example, an
clectric discharge machine or laser beam machine, or a
power supply for an induction heating cooker or wireless
powering system. The power conversion apparatus to which
the present invention 1s applied may be used as a power
conditioner for a photovoltaic system, an electricity storage

system or the like.

It should be understood that embodiments 1 to 10 dis-
closed herein are by way of example 1n every respect, not by
way ol limitation. Two or more of embodiments 1 to 10
disclosed herein may be combined where compatible. The
scope of the present mvention 1s defined not by the above
description but by the terms of the claims, and 1s intended to
include any modification within the meaning and scope
equivalent to the terms of the claims.

REFERENCE SIGNS LIST

1,15, 1c, 1d, 1e, 11, 1g, 14, 1i, 1}, 1k, 1m, 1n, 1p, 1q, 1r:
power semiconductor module; 11: 1insulating substrate; 11a:
first 1nsulating substrate segment; 115: second insulating
substrate segment; 11¢: third 1nsulating substrate segment;
11d: fourth insulating substrate segment; 11#: first main
face; 11n: second main face; 12: second gap; 13: first
conductive circuit pattern; 13b5: third conductive circuit
pattern; 14: second conductive circuit pattern; 145: fourth
conductive circuit pattern; 15: first conductive member; 16:

second conductive member; 17: first gap; 20: first semicon-
ductor device; 2056: third semiconductor device; 21: second
semiconductor device; 2156: fourth semiconductor device:
23, 24: conductive joimning member; 26, 265, 27, 27b, 28,
28b: conductive wire; 30, 30g: case; 31: base plate; 32:
enclosure; 335, 355, 36, 36b: lead terminal; 38, 39: joining
layer; 40: sealing member; 41: outer surface; 43, 53: first
stress relaxation portion; 45: second portion; 50: first barrier
layer; 51: first surface; 52: second surface; 55: first portion;
56: protrusion; 58: cavity; 60: second barrier layer; 61: third
surface; 62: fourth surface; 63: second stress relaxation
portion; 100: power supply; 200: power conversion appa-
ratus; 201: main conversion circuit; 202: power semicon-
ductor module; 203: control circuit; 300: load

The mnvention claimed 1s:

1. A power semiconductor module comprising:

an insulating substrate including a first main face;

a first conductive circuit pattern provided on the first main
face;

a second conductive circuit pattern provided on the first
main face, the second conductive circuit pattern being
separated from the first conductive circuit pattern by a
first gap;

a first semiconductor device joined to the first conductive
circuit pattern;

a second semiconductor device joined to the second
conductive circuit pattern;

a sealing member sealing the first semiconductor device,
the second semiconductor device, the first conductive
circuit pattern, and the second conductive circuit pat-
tern; and

a {irst barrier layer disposed on an opposite side from the
insulating substrate with respect to the first semicon-
ductor device and the second semiconductor device, the
first barrier layer being provided on or 1n the sealing
member,

at least one of the first barrier layer and the sealing
member mcluding a first stress relaxation portion,



US 11,476,170 B2

23

in plan view of the first main face, the first stress relax-
ation portion overlapping the first gap 1n such a way
that a center of the first gap 1s within the first stress
relaxation portion.

2. The power semiconductor module according to claim 1,

wherein

the first barrier layer includes

a first surface on a side where the first semiconductor
device and the second semiconductor device are

located, and

a second surface on a side opposite to the first surface, and

the first stress relaxation portion 1s a first recess formed 1n
at least one of the first surface and the second surface.

3. The power semiconductor module according to claim 2,
wherein
the first barrier layer 1s provided on the sealing member,
the first recess 1s formed 1n the first surface, and

at least a part of the first recess 1s a cavity which 1s not
filled with the sealing member.

4. The power semiconductor module according to claim 2,

wherein

the first stress relaxation portion 1s provided 1n the first
barrier layer in such a way that the first stress relaxation
portion 1s at a location corresponding to the first
conductive circuit pattern, the second conductive cir-
cuit pattern, and the first gap,

a thickness of the first barrier layer gradually decreases
toward a first portion of the first barrier layer at least in
the first stress relaxation portion, wherein the first
portion overlaps the first gap 1n plan view of the first
main face, and

the thickness of the first barrier layer 1s smallest at the first
portion of the first stress relaxation portion.

5. The power semiconductor module according to claim 1,

wherein

the first barrier layer includes

a first surface on a side where the first semiconductor
device and the second semiconductor device are
located, and

a second surface on a side opposite to the first surface, and

the first stress relaxation portion 1s a first through portion
connecting the first surface to the second surface.

6. The power semiconductor module according to claim 5,
turther comprising a second barrier layer such that the
second barrier layer and the first barrier layer are stacked,
and

in plan view of the first main face, at least a part of the first
through portion overlaps the second barrier layer.

7. The power semiconductor module according to claim 6,

wherein

at least one of the second barrier layer and the sealing
member mcludes a second stress relaxation portion.

8. The power semiconductor module according to claim 1,
wherein
the sealing member includes an outer surface, and
the first stress relaxation portion 1s a second recess formed

in the outer surface.

9. The power semiconductor module according to claim 8,
wherein

the first stress relaxation portion 1s provided in the sealing
member 1n such a way that the first stress relaxation
portion 1s at a location corresponding to the first
conductive circuit pattern, the second conductive cir-
cuit pattern, and the first gap, and

the outer surface 1s gradually recessed toward a second
portion of the outer surface at least 1n the {first stress
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relaxation portion, wherein the second portion overlaps
the first gap 1n plan view of the first main face, and

the outer surface 1s recessed deepest at the second portion
of the first stress relaxation portion.

10. The power semiconductor module according to claim
1, wherein

the msulating substrate includes a first insulating substrate
segment and a second insulating substrate segment,
wherein

the first conductive circuit pattern 1s provided on the first
insulating substrate segment,

the second conductive circuit pattern 1s provided on the
second 1nsulating substrate segment, and

the second 1nsulating substrate segment 1s separated from
the first insulating substrate segment by a second gap.
and

in plan view of the first main face, the first stress relax-
ation portion overlaps the second gap.

11. The power semiconductor module according to claim
10, further comprising a base plate disposed on an opposite
side from the first semiconductor device and the second
semiconductor device with respect to the insulating sub-
strate, wherein

the first insulating substrate segment and the second
insulating substrate segment are joined to the base
plate.

12. The power semiconductor module according to claim

1, further comprising a second barrier layer such that the
second barrier layer and the first barrier layer are stacked.

13. The power semiconductor module according to claim
12, wherein

at least one of the second barrier layer and the sealing
member mcludes a second stress relaxation portion.

14. The power semiconductor module according to claim
13, wherein

the second barrier layer includes

a third surface on a side where the first semiconductor
device and the second semiconductor device are
located, and

a Tourth surface on a side opposite to the third surface, and

the second stress relaxation portion 1s a third recess
formed 1n at least one of the third surface and the fourth
surtace.

15. The power semiconductor module according to claim

13, wherein

the second barrnier layer includes

a third surface on a side where the first semiconductor
device and the second semiconductor device are
located, and

a Tourth surface on a side opposite to the third surface, and

the second stress relaxation portion 1s a second through
portion connecting the third surface to the fourth sur-
face.

16. The power semiconductor module according to claim

13, wherein

in plan view of the first main face, at least a part of the
second stress relaxation portion overlaps the first stress
relaxation portion.

17. A power conversion apparatus comprising:

a main conversion circuit including the power semicon-
ductor module according to claim 1, wherein the main
conversion circuit converts input power and outputs the
converted power, and

a control circuit to output a control signal to the main
conversion circuit for controlling the main conversion
circuit.
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